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GENERAL INFORMATION 

Material Jested: r. ~ 

Syoaoyms: 
... 
L m -.J 

Haskell Number: l cer ] 
~: 99.5% 

Cgmpgsjtjgn: Pure compound 

Contaminants: Ur,known 

CAS t3egjstry Numbw:: rL-- -!'Bl :J 
Spgosgr: DuPont Chemicals 

E. I. du Pont de Nemours & Company, Inc. 
Wilmington, Delaware 19898 

Study I oitiated/Cgmpleted: 10,9191 - 10120192 
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DEVELOPMFNT OF A BIOMONITCRING ASSAY 
FOR OR ITS METABOLITES 

IN HUMAN URINE 

SUMMARY 

- ca; A GC/MSD assay was develo~ed to measure the concentration o: • . 
. C~I _ a metabolite of r · ~ :; found in urine following the entrance 
of r CIJ. · into the system eitfier Sy'6ral ingestion or skin contact. HPLC was 
evaluated as a technique for this measurement, but conventional detectors (UV, 
fluorescence) were found not to have the sensitivity required for this assay. The 
level of quantitation (LOO) of the GC-MSD assay is oelow 100 parts per billion 
(100 µg/liter), the level needed to monitor significant exposure to~ -:~•~• J 

Work By: ~ 
Leo Amcgashitsi, Ph.D. 
Research Chemist 

11/ork By: . ......-,:;,____,_~..;;.;...;;;;--------'-"~-----'-~-=--­
. Nanette Narvesen 
hemistry Associate 
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I. PURPOSE 

The purpose of this project was to develop an analytical meth<>Q that could be 
used to measure the level of exposure of a wor1<er tc{_ QBIP 1 by monitoring 
eithe( 'CBI ]or one of its metabolites in urine. _. .. 

II. RECORDS 

All raw data and the final report will be stored in the archives of Haskell 
Laboratory for Toxicology and Industrial Medicme, E. I. du Pont de Nemours & 
Company, Inc., Newark, OE, or in the Ou Pont Records Management CrJnter, 
Wilmington, Dela.ware. 

Ill. MATERIALS ANO METHODS 

A. Test Substances 

l~iQPition to'... CBI J several com_pounds e~pected to be metabolites of 
1were tested. See Figure 2. ~ CB1 '.was obtained f rorn DuPont 

Chemi~l.s ; 4-Amino-m-cresol (97%),, , CfU .' (98%), 
• •·· • : (97%) and d)_ftr _·:99%) were obtained from 

Aldrich Chemical. 

:._ ~ .CBI ~'a_nd~, -, ,~Bl ' ,r.. _ ! wore synthe~ized 
from _; and ·' _,at the DuPont Glasgow Site 
by O~M. Simons of Meuii..;al P~cts. They were punfied by recrystallization 
from water\ CS( ' and from'._ · .. · 

till!' J The idEmtity of each material was confirmed with GC/MSD 
analysis. 

B. Biological Methods 

Metabolites of[ · .~ J were identified by dosing rats with '- . _:8: J 
(SOOmg/kg oral dose) and chromatographing urine to collect fractions for 
subsequent identification of the major components by mass spectral analysis. All 
urine samples were incubated overnight with glucuronidase/sulfatase enzymes 
before HPLC analysis. The biological methods are described in HLR 166-93 (S. 
G . Hundley). 

C . Mass Spectral Analysis 

Fractions collected from the liquid chromatography discussed above were 
analyzed by particle beam electron ionization LC-MS for identification of the 
major component of the fractions eluting as a detectable peak In the 
ct~romatography of urine samples. The LC separatlor. was done on a Hitachi 
instrument with an L6000/l.6200 pumping system and A VG Biotech Quattro triple 
quadrapole instrument was used for the MS analysis. 
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D. HPLC Analysis 

HPLC was the first technique considered for the development 9-f a routine 
monitoring assay. Cheever et al. reported the detection of[ .... 'Ji J in the 
alkaline hydolysi:: r,oduct of a hemoglobin adduct with': ~ ;K; .J using HPLC 
with fluorescence detection. l. L-Bi ] was identified in this work by GC-MS. 1 

P~terson et al. used HPLC with electrochemical detection as a way of 
determining i c:: ·J~in human urine.2 

L. . 

HP~ras evaluated as a technique for measuring the concentration of either 
C. -~-·- .-: or one of the identified metabolites in urine. Both UV and 
fluorescence were investigated as a means of detection. Conditions used in this 
analysis are shown below: 

Conditions for HPLC Analysis 

Instrument: ' 
Column: 

Mobil phase: 

Gradient: 

Flow: 

Injection: 

Detection (UV): 

Detection (fluorescence) : 

I 
L-

CBI 

• ....,; 

Using these conditions with UV detection only, then with UV excitation and 
fluorescence emission detection, samples of urine from the rat studies were 
analyzed. Untreated controls were nm and compared to treated samples at two 
levels of exposure. Comparison samples of the m&tabolites were run, using the 
reference standards available. Urine samples were diluted 1 :1 with methanol 
and stored under refrigeration (about 4°C) until analyzed. 

6 
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E. GC/MSD rv . ..dysis 

GC/MSD has been used for the separation and measurement o· several amines 
in various matrices, including urine. Bryant el al. used GC-MS as a quantitation 
method for 4-aminobiphenyl following mild basic hydrolysis and derivatization.3 

GC/MSD was ev,qluated here as a possible means of measuring either the 
primary compound, r_ ~~• 1 or one of its metabolites in urine. Conditions for 
this analysis were as follows: 

Conditions tor GC/MSD AnaJysjs 

Instrument: 

Column: , 

Injection temperature: , 

Injection volume: 

Heating rate: 

Detector mode: - ---
Urine samples were diluted 1 : 10 with methanol for analysis. As with HPLC, 
samples of urine from control animals were compared to urine from treated 
animals, and metabolites were analyzed for peak identification. The con,poonds 
of interest r r!lk I all gave 
good chrolrfatograpflT~ peaks and mass spectra clearly that of the expected 
compound when run under scanning mode. For greater sensitivity at low levels, 
SIM (selected ion monitoring) mode was used. searching only for the major mass 
peak of the analyte of interest. 

Finally, a reproducibility study was done for the analysis ef : 
l w ~. analyzing the same sample twelve times. . - , 

J 

IV. RESULTS AND DISCUSSION 

A. Mass Spectral Analysis 

The two principal metabnlites identified bv LC-MS in t~a excreted urine were 
1 CAI '· In one fraction taken at 
about 18 minutes, I cm--· ...: was also identified, along with'.. '-·:1jf _! 

"'... I Figure 1 shows the chromatogram of urintt from treated rats. 
The 1.t'i,eak in the chromatogram, at 47.44 minutes, was not identified in the 
mass spectral analysis, however, this peak was not observed in urine from rats 
receiving a 1 mg/kg oral dose. 

7 
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Mass Spectra from the analysis of these fractions are shown for the fractions 
collec!ed,.:iL 18 and 34 minutes in Figures 3, 4 and s. showing the pre~ence of 
_ vu, ..J in Figure 3,'.. (,-et ;in Figure 4 an<C_ •=•~ J 

C.91 · 1 in Figure 5.L QB[ J is evident in Figure 4 as the mass 
line at 123 mTi units. Compare these spectra to the spectra of standards for 
these compounds in Figures 13, 14 and 15. 

B. HPLC Analysis 

There was an obvious difference between cof"'trols and treateci samples in the 
HPLC analysis with UV detection, but interpreting that difference was made 
difficult by the very complex nature of the chromatogram. See Fipur~~ p and 7. 
At higher concentrations (about 1600 µg/ml in undiluted urine),[ ' · ) ~ 
appears as a small peak at 11.58 minutes in Figure 7 (see Figure 8 also for 

,.-::-.,~~ -i ), but at the concentrations expected at low exposure doses (about 
12.8 µgtrrll in urine before dilution), this peak virtually disappears (see Figure 9). 

Of the two metabolites identified in the radiolabeled chromatogram, only one, 
C.. ro _j, shows up in the UV chromatogram, as a peak at 
6.61 minutes (see Figures 7, 9 and 11 ), and this peak was too close to a peak 
present in the control sample to provide a basis for quantitation of this metabolite. 

Although fluorescence gave cleaner chromat<>grarns, the fundamental problem 
rem?.ined the same. The desired analytes at low levels gave peaks • o small for 
adequate measurement and no fluorescence peaks could be detected when 
r -..,_~ ...., . . d 
.. ... •. ·· _ was in1ecte . 

C. GC/MSD Analysis 

The advantage of using GC/MS0 for this analysis, at least during the 
development stage, is the ability to identify eluting components by examinatic n of 
the mass spectra of peaks in the chro,snatograni. Figure 12 gives an exampla of 
this, where a reference sample of l v01 Jwas injected and the peak at 
, .65 minutes was identified as the injected material by its ma?s~ctra, which 
s 1ows a molecular ion at mass 107, the molecular weight of L_ cm' J Figure 2 
shows the structuro of r CIR: _: and some of the possible metabolites. 

F0Uow~n9_ the biological testing and identification of two major metabolites, 
I ca . 'and its acetylated analog, the work with GC was concentrated on those and~. :.::, :J itself. Reference standards of the two metabolites were 
injected, giving the chromatograms shown in Figures 12 &nd 14. When these 
two metabolites were added to control urine and analyzed, th~etylated 
metabolite eluted with less interference from urine than·, "'9t' . 
itself. Figure 16 shows the chromatogram resulting from ·the anaiysis of a sample 
after addition of 100 pr,b of~- ()Bl Jo control urine. 

8 
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D. Reproducibility 

This sample (chromatogram shown in Figure 16) was analyzed 12 times to 
dete .. mine the reproducibility of the analysis. With a mean value for the peak 
area of 102,329, the standard deviation was 21,627 and the coefficient of 
variation (Cv) was 21.1 %. This was higher than desired and further work was 
planned to improve this by using an internal standard, since it is believed that the 
major source of variability is in the size of the sample actually injected onto the 
column. The system uses a splitter, and even with an absolutely constant 
volume injected by the autoinjector, the amount split off w,11 show some variation. 
The use of an internal standard should eliminate most of this source of variation. 
This approach is being evaluated by Paul Lieder at Haskell and will be reported 
in i _ Cf:lf.) 
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Figure 1 

ChromatQgram of Radiolabeled Metabolites 

CBI 
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Figure 2 

\ _ C51 _ _l..nd Potential Metabolites 

• Identified ~s urinary metabolites in cWTCnt study. 
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Figure 3 

Mass Spectra of Fraction T;1_ken at 19 Minutes 

CBI 

13 



Ou Pont HLR 125-93 

Figure 4 

Mass Spectra of Fraction Taken at 19 Minutes Showjng Second Component 

cs, 
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Figure 5 

Mass Spectra of Fraction Taken at 32.4 Minutes 

OBI 
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Figure 6 

HPLC Chroma\2gram of a Control Urine Sample 

Conditions £or HPLC Analysis 

instrument: 
Column: 

Mobil phase· ca, 
Gr1di~nt: 

flow: 
Injection: 

Detection (UV): 
Detection (flue>re~nc1!): 
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Figure 7 

HPLC Chromatogram of a Urine Sample at High Level Treatment 

CBi 

Conditions for !:{PLC Analysis 

Lnstrwnent: 
Column: 

Mobil phase: 

Gradient: (~81 

Flow: 
Injection. 

~tection (UV): 
~tection (fluorH<:ence): 

17 
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Figure 8 

1-lfLC ChromatQgram of( Cc~ J 

ce, 

Conditions for h. u; Ao,lysis 

lnstrumt'nt: 
Column· 

Mobil phue: 

Gradit'nt 

Flow: 
l.nj«tion: 

Oett'ction (UV} 
Detection (f1uort'SCt'nce): 

18 
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figure 9 

HPLC Chromatogr1:m of a Urine Sample at Low Level Treatment 

Conditions for HPLC Analysis 

Instrument: 
Colwnn: 

Mobil phase: 

Gradient: 

Flow: 
In;ection: 

DetKtion (UV): 
Detection (fluoresc:en~): 
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Figure 10 

HPLC Chromatogram of r 

Conditions foe HPLC Ao11Ym 

lnstrwnent: 
Colwnn: 

Mobil phue: 

Gradient 

Flow: 
Injection; 

Detection (UV): 
Detection (fluorescence): 

20 
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Figure 11 

HPLC Chromatogram ofl _______ CR_l ______ l __ 

Conditions for HPLC Anatysjs 

instrument: 
Column: 

Mobil phase: 

Gradient: 

Flow: 
lnjeclion: 

Detection (UV): 
Detection (fluorescence): 

21 
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Figure 12 

GC/MSD Chromatogram of [ Gel; J 

CorulitiAN for GC/MSD Aoa!ysb 

Instrument 
Column: 

lnjK tion tttm~ratutt: 
Injection volume: 

Heating rate: 
DctKtor mode: 

22 
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figure 13 

, ·~· 7 GC/MSD Chromatogram of 1• ~ ___ _ 

Condjtiol),'j tocGCLMSP Aontysjs 

Instrument: 
Colwnn: 

Injection temperature: 
lnjection volume: 

Heating rate: 
Detector mode: 

23 
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Figure 14 

GC/MSD Chromat9gram of( __ t;:,,;~~--

Conditions for C,C:/MSD Analysis 

lnstrwnent: 
Column: 

Injection tem~r::tc:.-: 
Injection volume: 

Heating r•te: 
Detector •node: 

24 
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Figure 15 

r GC/MSD Chromato&ram of,k__,.... 
CBI 

CBJ 

Conditions for GC/MSP Ana,lysis 

lnstrwnent: 
Column: 

Injection temperature: 
Injection volwne: 

-~~ ""': .I "'·-~· ,. 
Heating rate: 

Detector mode: 

25 
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Figure 16 

GC/MSD Chromatogram ofL, t'~ _ _ Jin Control Urine 

Conditi00$ lorGC/MSp ANl)'.sis 

Instrument 
Column: 

lnj<?ction temperature: 
Injection volume: 

Heating rate: 
Detector mode: 

COMPANY S"N 
,, IT!Zt:o 
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